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（二）然后,我们用 RT-PCR 的方法检测 MK 在时间上的表达行为。为了提高
PCR 反应的灵敏度和专一性,我们采用了巢式(Nested)、直降（Touchdown）PCR
的方法。结果，（1）我们不仅发现 MK 的表达随胚胎发育而受调制，即在 E6.5 至
E15.5 期间有明显表达，而在此区间前后，则表达甚微；（2）我们还首次检测到，
MK 的截短型(truncated， tMK)在正常胚胎发育过程中的某些器官（如胰脏和肝




正常器官发育的特定阶段（如 E11.5 至 E12.5 的胰脏和肝脏），MK 的另外两种新
截短型，分别称 tMK-B 和 tMK-C。它们在 E8.5 和 E14.5 及其前后均没有表达。
这表明它们在器官形成中具有某种独特的功能；（4）分析表明，这三种截短型，
首次在小鼠中检测到；（5）并且，虽然 tMK-C 相应的截短型（缺失一个完整的外
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和5’端剪切位点碱基序列相同，即tMK-A的3’和5’端剪切位点序列为-AGTG-、
tMK-B 为-GACC-、tMK-C 则为-AGCC-。这是首次发现具有序列专一性的 mRNA 剪切
模式。从基因结构上看，tMK-A、tMK-B 缺失了外显子 III 和 IV 的部分，tMK-C
缺失了外显子 IV。可见，这里很可能存在着一种新的 mRNA 剪接加工的分子机制。
总结这方面的表达研究，我们不仅验证了 MK 在正常胚胎发育中的调控表达，而
且首次发现了截短型 MK 在正常发育中的特异表达。这些对揭示 MK 在发育分化中
的功能和分子机理，提供了新思路。综合实验室研究，在人类癌变组织中 MK 表
达的新发现（MK 也存在三种截短型），这些研究将有利于认清 MK 在肿瘤生成和
癌变过程中的作用和潜在分子机制（如可能是由于新的剪切方式的突变而造成癌
变等）。 
（三）为了进一步探究 MK 功能的分子机理，我们克隆了 MK 及其截短型，并
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Abstract 
Midkine (MK) is a heparin-binding growth/differentiation factor. It 
is an early responded gene under retinoid acid induction during mouse 
embryogenesis. MK has been shown to be involved in a variety of biological 
processes, such as growth, differentiation, angiogenesis and apoptosis. 
It not only plays a role in embryogenesis but also is closely related to 
tumorigenesis/carcinogenesis. 
 
To study the expression and function of MK during organogenesis and 
tissue differentiation, we examine the spatial expression of MK in mouse 
embryogenesis by immunohistochemistry. It turns out that during (pancreas 
& kidney) tissue differentiation, MK is concentrated on the 
epithelial-mesenchymal interface especially at the areas proximal to the 
nascent blood vessels and its expression level decreased with the cellular 
differentiation/maturity, i.e., its expression level peaked at the stem 
basal membrane of the undifferentiated cells and attenuated with the 
differentiation of cells. These expression patterns imply its function 
in the ubiquitous epithelial/mesenchymal interactions in organogenesis 
and tissue differentiation, in the signaling pathway in the recent 
identification of nascent blood vessel induction of tissue 
differentiation as well as in the regulation of the balance of stem cell 
self-renewal/proliferation vs differentiation. 
 
 We further investigate MK’s temporal expression during embryonic 
development by RT-PCR. We have applied nested-touchdown PCR strategy to 
increase the specificity and sensitivity of PCR. In the end, (1) we have 
not only found that MK expression is regulated in embryogenesis, i.e., 
it is significantly expressed between E6.5 and E15.5 with little 













Midkine 新亚型和相应 RNA 新剪切形式的发现 
 iv
expression of truncated MK (tMK) at specific stages (E11.5 and E12.5 of 
pancreas & liver) organogenesis during normal embryonic development. It 
had been widely held before that tMK had been detected in human 
tumor/cancer tissues and that the expression of tMK could be used as a 
marker for tumorigenesis/carcinogenesis. Thus, our data have provided a 
new angle for the study of the role of MK in tumorigenesis/carcinogenesis; 
(3) Shortly, using the same approach, we have detected additional two 
truncated MK transcripts, termed tMK-B & tMK-C respectively, to be 
differentially expressed (between E11.5 and E12.5, no expression at E8.5 
or E14.5) during (pancreas & liver) organogenesis, implying its specific 
role in organogenesis; (4) Our search indicates that these truncated 
transcripts had not been detected in the mouse before; (5) Furthermore, 
although the corresponding truncation (lack one entire exon) of tMK-C has 
been reported in human tumor/cancer tissues. For tMK-A & tMK-B, they are 
so far the de novo truncations identified; (6) Intriguingly, the three 
truncations (tMK-A, tMK-B and tMK-C) seem to have resulted from 
sequence-specific RNA splicing, in which cases the 5’ splicing donor and 
3’ receptor at the alternative splicing site is sequence specific, namely 
for tMK-A, the sequence is AGTG, for tMK-B, the sequence is GACC and for 
tMK-C, the sequence is AGCC. To our best knowledge, this is the first 
report of this type of sequence-specific RNA splicing. From MK gene 
structure, it shows that tMK-A and tMK-B are resulted from partial 
deletion of exon III and IV while tMK-C is from the deletion of exon IV. 
All of these suggest that there is potentially a novel splicing mechanism 
underlying this type of truncation. In summary of these mRNA-based 
discoveries, we have not only examined the differentially regulated MK 
expression, but also first discovered the specific expression of 
truncated MK transcripts in normal development. These have provided novel 
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development. Together with our lab’s other findings on the expression 
MK in human carcinogenesis (also three truncated MKs identified), these 
observations could help clarify the role and mechanism of MK in 
tumorigenesis/carcinogenesis (for instance, carcinogenesis could be 
originated from the mutations in the newly identified truncations). 
 
 To further pursue the molecular basis for MK function, full length 
and its truncated MKs were cloned onto expression vector PET28a and 
expressed in BL21 for the study of their molecular activities. Preliminary 
studies show that MK and its truncated isoforms have some effects on the 
migration, morphogenesis and proliferation/survival in the fibroblast 
tumor cells. These have laid a foundation for further (with more cell lines, 
conditions and on molecular mechanism and cellular behaviors) study of 
diverse MK functions.  
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MK 是一个分子量为 13kDa 的低分子多肽，富含碱性氨基酸和半胱氨酸，与
PTN 具有 50%的蛋白同源性
[5,6]
。人类 MK 与小鼠 MK 的同源性为 87％，所有的氨










，而鼠的 MK 基因位于染色体 2
[11,12]
。从 cDNA 开放阅读框架序
列可以分析推测出 MK 前体 N 端含有 22 个信号肽序列，从蛋白序列可分析出 MK
是个碱性很强的蛋白，可见 MK 是个典型的可分泌性碱性蛋白。 
如图一和图二，MK 蛋白具有两个结构域，N-和 C-端，两者之间还存在一个
铰链区。Phe55 位于中间铰链区而暴露于分子表面，而 Phe55 是糜蛋白酶特异酶




行β折叠链组成。MK 蛋白含有 10 个保守的半胱氨酸，均形成二硫键，分别是
C12-C36, C20-C45, C27-C49, C59-C91, C69-C101
[14]
。在这样小分子蛋白质中



















The domain organization of midkine and three dimensional structure of the domains. 
This picture comes from internet (www.midkine.org). 
图一：人 MK 蛋白结构域组成及三维结构 
 
Schematic representation of domain structure of mouse MK molecule. 1-49,N-domain; 
50-58, hinge region; 59-118, C-domain. Chymotrypsin cleaves specifically at Phe55 
of intact molecule. (Matsuda et al., 1996). 
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